The use of a concentrate emulsion of Melia azedarach green fruits and a suspension of the fungus Beauveria bassiana was evaluated in the control of Rhipicephalus microplus on artificially infested cattle. The evaluation was conducted following the protocol established by the Brazilian Agriculture Ministry. Five groups of 4 or 5 animals were allocated to one of the following treatments: emulsion concentrate of M. azedarach at 0.25% (T AZED 0.25%), emulsion concentrate of M. azedarach at 0.5% (T AZED 0.5%), B. bassiana at 2.4 × 10 8 conidia (T BASS), association of the concentrate of M. azedarach at 0.25% with B. bassiana at 2.4 × 10 8 conidia (T AZED 0.25% + BASS), and control (untreated). The association of the two compounds provided better results than any one isolated treatment, indicating compatibility or perhaps a synergy between M. azedarach and B. bassiana. This treatment resulted in fewer engorged females (129 ± 70) than in the control group (233 ± 82), showing high performance against all developmental stages of the tick. Results revealed an apparent synergistic effect of M. azedarach and B. bassiana in the control of R. microplus that should be further investigated.
Potential synergistic effect of Melia azedarach fruit extract and Beauveria bassiana in the control of Rhipicephalus (Boophilus) microplus (Acari: Ixodidae) in cattle infestations 
Introduction
Rhipicephalus (Boophilus) microplus (Canestrini) is the main ixodid species of bovines. This species is distributed in the region between latitudes 32 • North and 32 • South and is responsible for losses in milk, meat, and leather production and for the death of a number of animals, which this plant were effective against R. microplus. Its hexane extract killed 100% of the larvae and, in engorged females, caused total inhibition of egg production and/or embryogenesis (Borges et al., 2003) . Later, Borges et al. (2005) shown that in R. microplus artificially infested on calves the effectiveness of its extract in controlling ticks varied from −1.6% to 63.6%, with an average of 27.3%, 21 days after the treatment. The plant interfered with the development of the tick, but it did not affect its reproduction. Sousa et al. (2008) , also using hexane extracts, observed a higher performance with green fruits than with the mature fruits in in vitro control of R. microplus.The entomopathogenic fungi are the most promising microbial agents to be used as an alternative to chemical control of ticks, due to their ability to penetrate directly through the arthropod cuticle (Fernandes and Bittencourt, 2008) . The genus Beauveria includes species of fungi that have great potential as microbial control agents. Beauveria bassiana (Balsamo) Vuillemin is a cosmopolitan species, frequently found in insects and soil samples (Alves, 1998) . B. bassiana was first reported on the tick species Ixodes ricinus. The presence of hiphae was observed in the oral opening of dead engorged females collected in the field and kept under observation in the laboratory. There was no interference in the egg conversion (Samsinakova, 1957) . Since then, the pathogenicity of this fungus has been widely studied and has shown satisfactory results on several species of ticks, including R. microplus, Rhipicephalus sanguineus, Dermacentor nitens, and Amblyomma cajennesne Monteiro et al., 1998; Miller et al., 2001; Reis et al., 2004; Souza et al., 2009 ).
There is a need for alternative products that are appropriate for use in the field to control R. microplus (Chagas et al., 2002) . The main traditional method of controlling the species by commercial products has been through the use of solutions, emulsions, or suspensions, in which the active ingredient is diluted in special solvents and formulated in a way that allows further dilutions in the field. Thus, the emulsionable concentrate is a formulation that includes the active ingredient, a solvent, and an emulsificant (Filho et al., 2009) , which is easily produced and handled.
The objective of this study was to evaluate the use of a concentrate emulsion of M. azedarach and a suspension of the fungus B. bassiana in controlling infestations of R. microplus in cattle.
Materials and methods

Emulsion concentrate of M. azedarach and suspension of B. bassiana
Green fruits of M. azedarach were harvested in Goiânia (16 • 34 24 S, 49 • 17 32 W, 760 m), Goiás, Brazil. An exsiccate of this plant was deposited in the herbarium of the "Universidade Federal de Goiás-UFG," under the record number 27,611. The fruits were dried in an oven with circulation and air renewal and triturated in a rotating knives mill. Afterwards, they underwent extraction by hot or cold percolation in Soxhlet, using hexane as the solvent. The solvent was evaporated in a vacuum bomb.
The emulsion concentrate of M. azedarach was prepared by adding 215 g of the extract to 430 g of the solubilizer, Eumulgin HRE 40 ® , followed by intense agitation until a homogeneous mixture had been formed. Later, 430 g of soybean oil, 6.880 ml of ethylic alcohol, and 1.720 ml of distilled water were added to the mixture.
A sample of B. bassiana was spread on rice culture medium (Bittencourt, 1992) and after the conidia were formed, they were quantified in a Neubauer chamber (Alves, 1998) to obtain a 10 8 conidia/ml formulation. The conidia were then suspended in a 1% solution of Tween 80 to prepare the fungal suspension.
Animals and infestations
Evaluation of the effectiveness of both plant and fungus was performed on artificially infested cattle following the protocol established by the Brazilian Agriculture Ministry (Brasil, 1997) . Twenty-three females Holstein/Zebu crossbreeds that were between 24 and 30 months in age were selected. For 15 days the animals were allowed to adapt to the environment, food regimen, and handling. From day −24 to day −1, considering the treatment day as day 0, each animal was infested with 2.500 larvae of R. microplus, distributed throughout the dorsal line, three times per week for a total of 10 infestations. On days −3, −2, and −1, the female ticks between 4.5 and 8.0 mm in length that were attached to the right side were counted. Next, these animals were classified according to the number of ticks, from the highest number to the lowest, and distributed among five groups. To avoid any specific group having greater tick numbers, animals were distributed as follows: the five animals having the highest number of ticks were placed in groups 1, 2, 3, 4, and 5, respectively. The following five bovines in rank were allocated to groups 5, 4, 3, 2, and 1, respectively. Following this procedure, five groups were formed, three with five animals each and two with four. Each group was maintained in a separate 3 m × 6 m stall that had been built entirely of cement and was partially covered. The animals were fed corn silage supplemented with protein concentrates and received water "ad libitum."
Treatments
One of the following treatments was allocated to each of the five groups: emulsion concentrate of M. azedarach at 0.25% (T AZED 0.25%), emulsion concentrate of M. azedarach at 0.5% (T AZED 0.5%), B. bassiana at 2.4 × 10 8 conidia (T BASS), association of the concentrate of M. azedarach at 0.25% with B. bassiana at 2.4 × 10 8 conidia (T AZED 0.25% + BASS), and the control (untreated). Each animal was sprayed with 5 L of water or the testing solution, using a 20 L costal bomb, and each mixture was prepared with tap water, at the time of use.
Evaluation and statistical analysis
From days −3 to +20, the female ticks measuring between 4.5 and 8.0 mm and attached to the right side of each bovine were collected and counted. This number was doubled to provide an estimate of the total burden for each animal. Per day, from the total female ticks of each group, the 20 largest were selected, collectively weighed and incubated (27 • C and RH ≥ 80%). After 20 days of incubation, the eggs selected and weighed to obtain the index of conversion in eggs (ICO) = [(weight of eggs/weight of the females) × 100]. The eggs were incubated and after 25 days evaluated to determine the hatchability.
The index of effectiveness of the treatment was calculated in accordance with the following formulae (Holdsworth et al., 2006) The total burden, log (x + 1), the index of effectiveness, and the reproductive parameters were subjected to an analysis of variance (ANOVA) and differences among means were determined by Tukey's all pairwise comparison (P < 0.05). Comparisons were made between the three following periods (in days): 1st to 6th, 7th to 13th, and 14th to 20th, which corresponded to the modal periods of larvae, nymphs, and adults, respectively.
Results
The T AZED 0.25% + BASS treatment, which had the two compounds, produced better results in the control of R. microplus than any isolated treatment, indicating a compatibility or perhaps a synergy between M. azedarach and B. bassiana. Fewer engorged females were observed at all intervals as compared to the control group, indicating greater activity against all stages of the tick. On the other hand, the highest concentration of M. azedarach (T AZED 0.5%) worked mainly against adult and larval ticks, producing lower counts in the first and last intervals than in the control group. No significant difference was observed with T AZED 0.25% and control group at any interval and the T BASS treatment only worked when animals were infested primarily by nymphs, in comparison with the control group ( Table 1) . The means of daily percentage control of engorged females subjected to different treatments, T AZED 0.25, T AZED 0.5, T BASS and T AZED 0.25% + BASS, were respectively, 14.7, 31.6, 9.2 and 39.7. The conversion in eggs was similar among the groups in all intervals evaluated (Table 2) , as well as the hatchability, which was close to maximum in all treatments and intervals.
Discussion
In this study it was determined that the emulsion concentrate of M. azedarach acted mainly against larvae and engorged females of R. microplus. Indeed, the larvae represent the most sensitive stage of the tick because at that stage in its lifecycle it has the thinnest cuticle and little or no feeding (Gonzalez, 2003) . As for engorged females, the greater sensitivity was most likely caused by some components of the emulsion making the formulation lipophilic and hydrophilic, enabling the active compounds to penetrate through the cuticle of the tick. In accordance with Odhiambo (1982) , the layer of waxes or lipids is greater in adult R. microplus than in other stages, so the more liposoluble a compound, the greater the penetration. It is also possible that at the end of the engorgement process, the stretching of the cuticle would give it a thickness that is similar to that of the larvae (Gerolt, 1970; Odhiambo, 1982) , enabling penetration by the compound.
Table 1
Mean ± SD number of Rhipicephalus microplus engorged females recovered from artificially infested cattle subjected to different treatments: emulsion concentrate of Melia azedarach at 0.25%(T AZED 0.25%), and 0.5%(T AZED 0.5%), Beauveria bassiana (T BASS), both products associated and control (T AZED 0.25% + BASS) animals. Means within the same row followed by the same letter are not significant (P < 0.05) tested by one-way analysis of variance (ANOVA); differences among means were determined by Tukey's all pairwise method.
Table 2
Percentage of egg conversion of Rhipicephalus microplus collected from cattle subjected to different treatments: emulsion concentrate of Melia azedarach at 0.25%(T AZED 0.25%), and 0.5%(T AZED 0.5%), Beauveria bassiana (T BASS), both products associated (T AZED 0.25% + BASS) and control animals.
Interval T AZED 0.25% T AZED 0.5% T AZED + BASS T BASS Control 1-6 34.3 ± 4.2 44.6 ± 5.5 32.9 ± 7.5 31.3 ± 4.5 39.0 ± 5.7 7-13 43.3 ± 5.8 39.4 ± 7.2 34.8 ± 4.8 38.9 ± 6.8 38.8 ± 3.4 14-20 41.6 ± 3.9 41.3 ± 14.0 36.9 ± 12.5 35.0 ± 3.8 35.6 ± 4.0 1-20 40.0 ± 5.9 41.7 ± 9.8 34.9 ± 9.5 35.0 ± 5.8 37.8 ± 4.5
Means at the same row were not different (P < 0.05) tested by one-way analysis of variance (ANOVA); differences among means were determined by Tukey's all pairwise method.
B. bassiana acted mainly when the animals were infested by nymphs. Castro et al. (1997) , in a test with cattle artificially infested with R. microplus and treated with the fungus Metarhizium anisopliae, also observed a higher susceptibility of nymphs, followed by larvae, with the adults being the least susceptible. They also noted an increased activity of the fungus in the early stages after ecdysis, as Castro et al. noted that there is an increased activity of the fungus in the evolutionary stages after the ecdysis, as the main form of penetration by this pathogen is through the cuticle. The entomopathogenic fungi take approximately three to ten days to kill the ticks (Gindin et al., 2001; Kaaya and Hassan, 2000; Fernandes and Bittencourt, 2008) . This time is required because of the pathophysiology of the fungus infection, which penetrates the cuticle and develops in the hemocoel. In studies done in vitro, Arruda et al. (2005) used the fungus M. anisopliae and observed that 24 h after the onset of infection, adhesion and germination of conidia occurred in the host. The conidia differentiate to form the appressorium, exerting mechanical pressure and secreting hydrolytic enzymes. This combination of physical mechanisms and enzymes is used by entomopathogenic fungi to cross the host cuticle. The production of chitinases and proteases is critical for the penetration that is observed 72 h after infection. However, when the fungus is applied during in vivo conditions, several factors can affect and extend the lifetime of these arthropods.
When using the emulsion concentrate of M. azedarach, some effect on the reproduction of the tick was expected because this plant works to regulate the neuroendocrine system, mainly interfering with the hormone levels (Schmidt et al., 1998) . Moreover, studies carried out by Borges et al. (2003) and Sousa et al. (2008) demonstrated an inhibition of egg production and/or embryogenesis when R. microplus engorged females were immersed in extracts of M. azedarach fruits. In this study, although an appropriate formulation that was active in laboratory studies was used (Sousa, 2008) , the lack of effect on reproductive parameters was identical to that observed by Borges et al. (2005) in a test similar to the one developed by our group. Famadas (2004, 2006) , evaluating the efficiency of the extract of roots of the plant Dahlstedtia pentaphylla (Taub.) Burk. (Leguminosae, Papilionoideae, Millettiae) against R. microplus, observed 100% effectiveness in laboratory tests with a total inhibition of reproductive parameters. However, when evaluating infested animals, the results observed were far below those found in in vitro animals and with no effect on reproduction.The biological control of ticks using entomopathogenic fungi shows promising results. Among the fungi studied, B. bassiana and M. anisopliae stand out, because they are pathogenic in in vitro tests for several species of ticks, such as Amblyomma cooperi (Reis et al., 2003) , Amblyomma cajennense (Reis et al., 2004) , Amblyomma variegatum (Maranga et al., 2005) , R. sanguineus (Prette et al., 2005) , and Rhipicephalus microplus . However, most tests done in the field with entomopathogenic fungi to control ticks in South America have shown low efficacy (Fernandes and Bittencourt, 2008) , except for a polymerized cellulose gel and B. bassiana conidia formulation used directly on the ears of horses to control D. nitens infestations (Souza et al., 2009) .The low efficacy of fungi in field tests is related to biotic and abiotic factors that can influence the survival, spread, and infection of the host (Goettel et al., 2000) . The abiotic factors are essential for survival of fungi. Among them, solar UV radiation is considered to be the most important (Cagan and Svercel, 2001) because it can inactivate the conidia, causing gene mutations and lethal damage to DNA (Nicholson et al., 2000) . According to Leite et al. (2002) , even commercial products that exhibit high activity in laboratory tests do not have the same effectiveness in the field due to the adverse conditions. The great number of compounds (Evans, 1996) and the degradation effects of light, temperature, pH, and microorganisms (Mulla and Su, 1999 ) make the production of a vegetal extract difficult. While the complexity of components and multiple pathways represent an obstacle for the use of plants as acaricides because of the difficulties in identification and synthesis of the active principles, nevertheless, this complexity delays the rise of resistance.
With respect to tests on animals this is the first study, as far as is known, to evaluate the use of a plant and fungus mixture in the control of infestation by a tick species. It would be interesting to investigate the compatibility of M. azedarach and B. bassiana in the control of R. microplus, particularly considering that M. azedarach can also be a fungicide against Candida albicans, Aspergillus flavus, and Microsporu (Carpinella et al., 1999) . However, the non interference of Meliaceae plants, specifically Azadirachta indica, in the growing of B. bassiana has been observed by Quintela et al. (2002) and Marques et al. (2004) . In view of the results obtained here, the synergistic effect of M. azedarach and B. bassiana in the control of R. microplus is apparent. However, more efforts are needed to obtain a formulation that is more stable and effective.
